Abstract: To more fully characterize the clinical and pathologic spectrum of a recently described tumor entity of the sinonasal tract characterized by loss of nuclear expression of SMARCB1 (INI1), we analyzed 39 SMARCB1-deficient sinonasal carcinomas collected from multiple medical centers. The tumors affected 23 males and 16 females with an age range of 19 to 89 years (median, 52). All patients presented with locally advanced disease (T3, n = 5; T4, n = 27) involving the sinuses (mainly ethmoid) with variable involvement of the nasal cavity. Thirty patients received surgery and/or radiochemotherapy with curative intent. At last follow-up, 56% of patients died of disease 0 to 102 months after diagnosis (median, 15), 2 were alive with disease, and 1 died of an unrelated cause. Only 9 patients (30%) were alive without disease at last follow-up (range, 11 to 115 mo; median, 26). The original diagnosis of retrospectively identified cases was most often sinonasal undifferentiated carcinoma (n = 14) and nonkeratinizing/basaloid squamous cell carcinoma (n = 5). Histologically, most tumors displayed either a predominantly basaloid (61%) or plasmacytoid/rhabdoid morphology (36%). The plasmacytoid/rhabdoid form consisted of sheets of tumor cells with abundant, eccentrically placed eosinophilic cytoplasm, whereas similar cells were typically rare and singly distributed in the basaloid variant. Glandular differentiation was seen in a few tumors. None of the cases showed squamous differentiation or surface dysplasia. By immunohistochemistry, the tumors were positive for pancytokeratin (97%), CK5 (64%), p63 (55%), and CK7 (48%); and they were negative for NUT (0%). Epstein-Barr virus and high-risk human papillomavirus was not detected by in situ hybridization. Immunohistochemical loss of SMARCB1 (INI1) expression was confirmed for all 39 tumors. Investigation of other proteins in the SWI/SNF complex revealed co-loss of SMARCA2 in 4 cases, but none were SMARCA4 deficient or ARID1A deficient. Of 27 tumors with SMARCB1 fluorescence in situ hybridization analysis, 14 showed homozygous (biallelic) deletions and 7 showed heterozygous (monoallelic) deletions. SMARCB1-deficient sinonasal carcinoma represents an emerging poorly differentiated/undifferentiated sinonasal carcinoma that (1) cannot be better classified as another specific tumor type, (2) has consistent histopathologic findings (albeit with some variability) with varying proportions of plasmacytoid/rhabdoid cells, and (3) demonstrates an aggressive clinical course. This entity should be considered in any difficult-toclassify sinonasal carcinoma, as correct diagnosis will be mandatory for optimizing therapy and for further delineation of this likely underdiagnosed disease.
the propensity of this relatively small anatomic area of the body to develop a plethora of histogenetically and biologically distinctive, but morphologically highly overlapping neoplasms. 3, 4 Since the original description of sinonasal undifferentiated carcinoma (SNUC) as a distinctive and highly aggressive sinonasal carcinoma, 5 advancing molecular biology techniques have permitted more precise tumor classification based on recurring biological and genetic alterations. 6 Consequently, the group of SNUCs has been diminishing as new specific entities have emerged including NUTrearranged carcinoma, 7, 8 Human papillomavirus (HPV)-related adenoid cystic-like carcinoma, 9, 10 and adamantinoma-like Ewing sarcoma. 11 In 2014, Agaimy et al 12 and Bishop et al 13 independently described a variant of sinonasal carcinoma characterized by loss of nuclear SMARCB1 expression. Since those initial descriptions, only 2 additional small series and a few case reports have been published on SMARCB1-deficient sinonasal carcinomas. [14] [15] [16] [17] [18] [19] [20] To more fully characterize the nature of this tumor type including its complete morphologic spectrum, its clinical behavior, and its biology, we updated our previously reported experience and prospectively collected new cases from our own practices and from multiple other institutions.
MATERIALS AND METHODS
The study received Johns Hopkins institutional review board approval (IRB00096402) and the ethical vota for retrospective translational research studies of the FAU, Erlangen, Germany. The cases consisted of tumors retrieved from the routine surgical pathology files and contributed to the consultation files of the Institute of Pathology, University Hospital of Erlangen, Germany and the Pathology Department at The Johns Hopkins University. Of these, 11 cases were reported in the original descriptions of the entity but follow-up was updated, additional immunohistochemistry was performed, and missing molecular studies were completed. In total, 28 of the 39 cases had not been previously published.
Tumor specimens were fixed in buffered formalin and embedded for routine histologic examination. Immunohistochemical studies were performed on 3-mm sections cut from paraffin blocks using a fully automated system ("Benchmark XT System"; Ventana Medical Systems Inc., Tucson, AZ) and the following antibodies: pancytokeratin (clone AE1/AE3, 1:40; Zytomed, Berlin, Germany), CK7 (OV-TL, 1:1000; Biogenex), p63 (4A4, 1:100; Zytomed), CK5 (clone XM26, 1:50; Zytomed), chromogranin A (clone LK2H10, 1:500; Beckman-Coulter GmbH), synaptophysin (clone SY38, 1:50; Dako), CD56 (clone MRQ-42, 1:100; Cell Marque), CD117 (polyclonal rabbit antibody, 1:100; Dako), p16 (clone JC8, 1:100; Santa Cruz Biotechnology), anti-NUT (clone C52B1, 1:45; Cell Signaling), SMARCB1 (INI1) (MRQ-27, 1:50; Zytomed), SMARCA2 (polyclonal antibody, 1:100; Atlas Antibodies AB, Stockholm, Sweden), SMARCA4 (anti-BRG1 antibody, clone EPNCIR111A, 1:100; Abcam, Cambridge, UK), and ARID1A (rabbit polyclonal antibody, ab97995, 1:100; Abcam). Epstein-Barr virus (EBV) in situ hybridization (ISH) (EBER 1/2 probes; ZytoVision, Bremerhaven, Germany) was performed according to the manufacturer instructions. HPV testing was performed using either polymerase chain reaction (PCR)-based method or RNA ISH by the RNAscope method as detailed previously. 12, 13 Assessment of the staining results of the SWI/SNF components was done as recently described, 21 that is, only the nuclei of viable tumor tissue (away from necrotic areas) were assessed. As a control, the presence of a homogenous strong nuclear staining of stromal fibroblasts, inflammatory cells, vascular endothelial cells, or normal epithelial cells in the background was a prerequisite for assessable staining in the tumor. Three staining grades were defined: intact (strong staining in the neoplastic cells that is similar to normal background cells), lost (indicating clean neoplastic cell nuclei as opposed to strong staining in normal cells), and reduced (if very weak but still discernible as opposed to strong staining in normal cells). Tumors with an admixture of these 3 patterns were specifically reported. Cases with absent or very weak staining in the normal background cells were considered equivocal or not assessable (no results).
RESULTS

Demographic and Clinical Features
The clinicopathologic features are summarized in Table 1 . The patients with SMARCB1-deficient sinonasal carcinoma included 23 males and 16 females ranging in age from 19 to 89 years (median, 52). The age range was similar for females (range, 21 to 87 y; median, 50) and males (range, 19 to 89 y; median, 53). Imaging revealed extensive involvement of the paranasal sinuses with or without involvement of the nasal cavity and frequent involvement of the skull base (Fig. 1) . The ethmoidal cells were involved in 18 of 39 cases (46%), either isolated or (more frequently) with concurrent involvement of the frontal/sphenoidal sinuses or the nasal cavity. The nasal cavity was affected alone in 8 and with concurrent sinus involvement in 11 patients. Of 33 patients with detailed tumor staging information, 27 (82%) presented with stage T4 disease with extensive involvement of the bony confinements of the sinonasal cavities and variable infiltration into periorbital or skull base tissues. Synchronous regional lymph node involvement and distant metastases were detected in 3 and 2 patients, respectively.
Treatment consisted of radical surgical resection combined by chemotherapy and/or radiation in 22 patients. Four patients underwent surgery alone and 5 patients received chemotherapy/radiotherapy alone. Two patients received only supportive (palliative) care after biopsy diagnosis. For the remaining 6 patients, detailed information regarding therapy was not available. Followup data were available for 30 patients, and the follow-up period ranged from <1 (for those who died of disease shortly after diagnosis) to 115 months (median, 17). Distant metastases were recorded in 11 of 30 cases. The sites of distant metastases included the lungs (n = 2), pericardium (n = 1), pleura (n = 1), bone (n = 3), and soft tissues of the thighs (n = 1). They occurred at 0 (at presentation) to 63 months after diagnosis (median, 10 mo). Regional failure was seen in 33% of patients, with 10 local recurrences and 3 regional recurrences to cervical lymph nodes. At last follow-up, 17 of 30 (56%) patients had died of their disease a few days to 102 months after diagnosis (median, 15 mo), 3 were alive with disease, and 1 died of unrelated cause 10 months later. Taken together, 20 of 30 (66%) patients with ascertained disease status or cause of death either died of their disease or were alive with disease at last follow-up. Only 9 patients (30%) were alive without evidence of disease at last follow-up (range, 11 to 115 mo; median, 26). Of the 9 survivors, 7 received radical surgery+radiochemotherapy. The plasmacytoid/ rhabdoid cell morphology (see pathologic findings below) occurred with similar frequency among the groups who had died of disease and those who survived. Notably, the basaloid and eosinophilic histology comprised 60% and 66% of patients who died of their disease, respectively.
PATHOLOGIC FINDINGS
For the archival cases identified retrospectively, the original diagnosis was anaplastic/undifferentiated carcinoma or SNUC (n = 14), nonkeratinizing or basaloid squamous cell carcinoma (SCC) (n = 5), myoepithelial carcinoma (n = 2), adenocarcinoma, not otherwise specified (n = 1), oncocytic carcinoma (n = 1), poorly differentiated adenocarcinoma (n = 2), and nonkeratinizing SCC ex Schneiderian papilloma (n = 1). The remaining prospective cases were diagnosed using the current terminology. 12, 13 Grossly, the tumors were described to have infiltrative margins with variable exophytic papillary surface component in some cases. Histologically, the tumors had in common cellular monotony with relatively monomorphic small-sized to medium-sized rounded nuclei with dispersed chromatin, variably prominent nucleoli, and indistinctive cytoplasmic borders. Mitotic rates were uniformly high, and necrosis was common. On occasion, the sinonasal respiratory-type epithelium was colonized by tumor, often in a pagetoid manner (Fig. 2) . Conventional squamous dysplasia/carcinoma in situ was not seen. Another common feature seen in many of the cases was the presence of nonspecific, clear, "empty" cytoplasmic vacuoles (Fig. 3A) .
The most common microscopic appearance (23 of 39, 59%) was that of an undifferentiated basaloid or "blue cell" tumor reminiscent of nonkeratinizing SCC or SNUC growing as solid well-demarcated nests and sheets of basaloid cells set within a desmoplastic stroma (Fig. 3A) . In these basaloid forms of SMARCB1-deficient XRT and surgery Local recurrence with nodal and skeletal metastases (10) DOD (9) sinonasal carcinoma, the tumor cells had high nuclear:cytoplasmic ratios and occasional palisading of nuclei at the periphery of tumor nests. The carcinomas occasionally demonstrated inverted growth down superficial mucosal glands in a pattern reminiscent of inverted Schneiderian papilloma or carcinoma arising within an inverted Schneiderian papilloma (Fig. 3B ). Despite their resemblance to basaloid or nonkeratinizing SCC and a "squamoid" appearance at times, none of the basaloid cases showed overt squamous differentiation in the form of keratin pearls. In the tumors with a more basaloid morphology, a plasmacytoid/rhabdoid cell (ie, with abundant, eccentrically placed eosinophilic cytoplasm) population was not immediately evident upon initial assessment; however, in most cases, singly dispersed rhabdoid/plasmacytoid cells could be identified with a thorough search (Fig. 3C) . In 1 case, the rhabdoid cell component was remarkably increased in the lung metastasis (Fig. 3D) . The second most common morphologic appearance seen in 14 of 39 (36%) was that of a "pink cell tumor" at low power (Fig. 4A) . In this variant, the tumor consisted of nests and sheets of predominantly plasmacytoid/rhabdoid cells (Fig. 4B) . Three of these tumors displayed large oncocytic squamoid cells with frequent acantholytic-like arrangement mimicking oncocytic adenocarcinoma of salivary glands (Fig. 4) . Two cases of these eosinophilic tumors were reminiscent of proximal-type epithelioid sarcoma, one of them also showed multinodular growth further mimicking epithelioid sarcoma (Fig. 4C) . Two of the plasmacytoid/ rhabdoid variants demonstrated variable glandular differentiation (with intraluminal mucin production in 1 case) (Fig. 4D) .
Finally, 2 of 39 (5%) cases were difficult to place into the basaloid or plasmacytoid/rhabdoid categories. One of the tumors had a major basaloid component but also demonstrated minor components of overt glandular differentiation with mucin production and spindled cells 
Immunohistochemical Findings
The immunohistochemical findings are summarized in Table 2 . Immunohistochemistry showed consistent expression of pancytokeratin (38 of 39, 97%). The single case that was cytokeratin negative was a tumor that was essentially identical to the other plasmacytoid/rhabdoid cases in every other respect, including at the genetic level, and could not be classified as any other tumor type. Twenty of 31 cases (64%) showed variable expression of CK5, mainly moderate to diffuse in extent. P63 was positive in 20 of 36 cases tested (55%); the immunoexpression was diffuse in 13, whereas it was focal in 7 cases (Fig. 6 ). Diffuse p63 immunoexpression was more common in the basaloid carcinomas (seen in 12 of 22) than it was in the eosinophilic forms (1 of 14). CK7 was variably positive in 15 of 31 cases (48%), but was usually focal. P16 was strongly and diffusely expressed in 4 of 29 cases tested, whereas 1 additional case showed only limited focal expression. None of the cases tested for NUT immunohistochemistry (0 of 30), EBV ISH (0 of 15), or oncogenic HPV by either PCR-based or ISH methods (0 of 26) was positive. A few cases were positive for neuroendocrine markers, with variable but typically focal expression of CD56 (7 of 25), synaptophysin (6 of 33), and chromogranin A (3 of 30) (Fig. 6) . Five tumors coexpressed 2 neuroendocrine markers (4 coexpressed synaptophysin and CD56 and 1 case coexpressed synaptophysin+chromogranin A). Finally, CD117 was expressed in 3 of 27 cases. The predominant histologic pattern of SMARCB1-deficient sinonasal carcinoma was basaloid, with nests of basophilic cells with high nuclear:cytoplasmic ratios growing in a desmoplastic stroma. Note also the presence of nonspecific vacuoles within the tumor, a common finding (inset) (A). In some cases of basaloid SMARCB1-deficient sinonasal carcinoma, the tumor grows downward in an inverted growth pattern reminiscent of inverted Schneiderian papilloma (B). On close inspection, basaloid SMARCB1-deficient sinonasal carcinomas may demonstrate rare, singly dispersed plasmacytoid or rhabdoid cells (arrow) (C). In 1 case, a basaloid SMARCB1-deficient sinonasal carcinoma became predominantly plasmacytoid/rhabdoid upon metastasizing to the lung (D).
FIGURE 4.
The second most common appearance of SMARCB1-deficient sinonasal carcinoma was that of an eosinophilic tumor, often growing in a nested or solid pattern (A). This form of SMARCB1-deficient sinonasal carcinoma consisted of numerous cells with abundant, pink, eccentrically placed cytoplasm that were variably plasmacytoid or rhabdoid (B). Two cases grew in a multinodular, "pseudogranulomatous" manner at low power, reminiscent of epithelioid sarcoma (C), and 2 of the eosinophilic SMARCB1-deficient sinonasal carcinomas exhibited areas of glandular differentiation (D).
FIGURE 5. Two SMARCB1-deficient sinonasal carcinomas exhibited overt spindle cell (sarcomatoid) differentiation. In 1 case, the sarcomatoid areas (right) were seen in addition to the more common basaloid pattern (left) (A), whereas the other case was as pure sarcomatoid carcinoma (B).
SWI/SNF Protein Expression Status
As per definition, all tumors showed complete loss of nuclear SMARCB1 (INI1) expression with retained strong reactivity in the background inflammatory, stromal, and/or epithelial cells (Fig. 7A) . SMARCB1 is one of the proteins in the SWI/SNF nucleosome remodeling complex, and other SMARCB1-deficient tumor types are known to have specific expression patterns for other SWI/ SNF proteins. As a result, a subset of cases was also tested with additional members of the SWI/SNF complex by immunohistochemistry. Only 5 of 28 cases tested showed strong intact expression of SMARCA2, the reminder were either deficient (n = 4) or showed reduced expression (n = 19) (Fig. 7B) . In contrast, 24 of 26 cases with evaluable results for SMARCA4 showed intact expression (Fig. 7C) , whereas 1 case was weakly positive (reduced expression) and another 1 contained intermingled small subpopulation of SMARCA4-negative cells imparting a mosaic-like pattern. ARID1A was intact in all (26/26; Fig. 7D ) but 1 tumor that showed reduced expression. There was no discernable difference in the SWI/SNF expression patterns between the tumors with basaloid or eosinophilic/plasmacytoid appearances.
Molecular Findings
Fluorescence in situ hybridization (FISH) testing was successful in 27 cases (the remainder were not assessable due to suboptimal and weak signal intensity). Of the 27 cases, 21 tumors (78%) showed abnormal findings with homozygous (biallelic) deletion of the SMARCB1 gene locus seen in 14 cases (Fig. 8A ) and heterozygous (monoallelic) deletion in 7 cases (Fig. 8B) . Six tumors showed normal signals; interestingly, all but 1 case of them were of the eosinophilic/plasmacytoid type. In several cases loss of 1 or both SMARCB1 gene locus signal was associated with loss of the corresponding centromere indicating chromosome 22q monosomy. No other type aberrations 
CHgA indicates chromogranin A; CK, cytokeratin; F, focal; ND, not done; NR, not reported; SYN, synaptophysin.
(eg, amplifications) were noted. Other genes involved in the SWI/SNF complex were not evaluated by FISH.
is a member of a large protein complex involved in chromatin remodeling and thus regulation of gene expression. 22 Loss of SMARCB1 expression as a result of deletions/mutations has emerged as a defining diagnostic feature in a variety of neoplasms in children and adults, in particular malignant atypical teratoid/rhabdoid tumors of childhood, 23, 24 epithelioid sarcoma, 25 and recently several epithelial tumor entities in adults and the elderly. 26 SMARCB1 (INI1) immunohistochemistry has emerged as a powerful diagnostic tool to identify SMARCB1-altered neoplasms in routine surgical pathology practice. 27, 28 Several recent studies showed that SMARCB1 loss may occur either as the primary and sole driver genetic event (as in atypical teratoid/rhabdoid tumor, epithelioid sarcoma, etc.) or be superimposed on a preexisting genetic background (as in MSI-instable colorectal cancer and several other dedifferentiated carcinomas). 21, 26 The histologic spectrum we described herein in conjunction with uniform SMARCB1 deficiency strongly suggests a distinctive neoplasm defined by SMARCB1 loss among other poorly differentiated sinonasal tract malignancies rather than a heterologous group of sinonasal tumors that happen to carry a shared genetic alteration. First, SMARCB1 loss has been identified as the primary and sole driver genetic event in certain tumors outside of the sinonasal tract such as atypical teratoid/rhabdoid tumor and epithelioid sarcoma. Although comprehensive genetic studies are still lacking, the 1 SMARCB1-deficient sinonasal carcinoma analyzed by next-generation sequencing failed to reveal any additional genetic aberrations other than homozygous SMARCB1 deletion. 14, 29 Second, the SMARCB1-deficient sinonasal carcinomas defied classification as some other recognized tumor type and 
showed no evidence of high-grade transformation from a preexisting well-differentiated carcinoma. They consistently lack squamous differentiation, are negative for NUT, and do not harbor the oncogenic viruses HPV or EBV. Although occasional SMARCB1-deficient sinonasal carcinomas showed evidence of glandular or neuroendocrine differentiation, they do not conform to the histologic descriptions of sinonasal adenocarcinoma or neuroendocrine carcinoma. Third, SMARCB1 loss is not encountered in other well-defined types of sinonasal carcinomas. 12, 13, 15 In our previous study of sinonasal carcinomas, SMARCB1 loss was not identified in any of 133 carcinomas of surface (eg, SCC, sinonasal adenocarcinoma) or minor salivary gland origin (eg, adenoid cystic carcinoma). 12, 13, 15 In effect, SMARCB1 loss is an uncommon genetic alteration in sinonasal carcinomas, and it specifically localizes to a highly undifferentiated basaloid morphology with varying degrees of plasmacytoid/rhabdoid cells. It is noteworthy that complete loss of SMARCB1 immunoexpression does not completely correlate to the FISH status of the SMARCB1 gene locus. Similar to other SMARCB1-deficient neoplasms in other FIGURE 8 . By FISH, 13 SMARCB1-deficient sinonasal carcinomas demonstrated homozygous deletion of SMARCB1, with both SMARCB1 alleles deleted (red), whereas 2 copies of EWSR1 (green) are present. See in contrast normal cells having 2 copies of both green and red signals (top right) (A). Six SMARCB1-deficient sinonasal carcinomas exhibited heterozygous SMARCB1 deletion, with only 1 copy of SMARCB1 present (red), whereas 2 copies of EWSR1 (green) are seen. This comprehensive study incorporated all cases of SMARCB1-deficient sinonasal carcinoma diagnosed in a large number of collaborative institutions. We found that this tumor affects the sexes equally over a wide age range (range, 19 to 87 y; mean, 52) and may have a predilection for the ethmoid sinuses. In addition, in this series, SMARCB1-deficient sinonasal carcinoma behaved in an aggressive manner, with 54% of patients succumbing to their disease 0 to 102 months following diagnosis (median, 16). These findings are in agreement with the other published cases of this disease (Table 3 ). [14] [15] [16] [17] [18] [19] [20] This large series also confirms the view that the majority of SMARCB1-deficient sinonasal carcinomas display prominent basaloid features mimicking basaloid SCC, SNUC, or other "small blue round cell" tumors. A tumor dominated by plasmacytoid/rhabdoid features is a common morphologic variant as well. However, in this extended study, we uncovered the uncommon occurrence of unusual morphologic variants, including tumors with variable adenoid features and mucin production that warranted the original diagnosis of adenocarcinoma in some cases. Finally, 2 cases demonstrated a variable component with frankly sarcomatoid features (focal in one and dominant in the other case). The morphologic profile of SMARCB1-deficient sinonasal carcinomas seems to be broader than previously anticipated. Indeed, these observations highlight the wider histomorphologic spectrum of this entity and the need to include SMARCB1 in the immunohistochemical marker panel used in the workup of poorly differentiated or difficult-toclassify sinonasal tract malignancies.
An extended immunohistochemical panel performed in this study revealed some unexpected findings. A subset of SMARCB1-deficient sinonasal carcinomas, particularly the basaloid form, demonstrate diffuse p63 immunoreactivity that may result in a misdiagnosis of nonkeratinizing/basaloid SCC or NUT midline carcinoma. 7, 8 However, SMARCB1-deficient sinonasal carcinoma lacks overt squamous differentiation and does not exhibit squamous surface dysplasia. Uncommon but a potential pitfall is the partial expression of neuroendocrine markers (seen in a small subset of cases). Thus, the mere presence of neuroendocrine differentiation by immunohistochemistry, particularly if the expression is focal, does not exclude the diagnosis of SMARCB1-deficient sinonasal carcinoma. Further, a small subset of cases diffusely express p16, which may cause confusion with an HPV-related SCC. However, all cases of SMARCB1-deficient sinonasal carcinoma tested for oncogenic HPV infection have been negative. The phenotypic features and the growth patterns of these tumors strongly point to an epithelial origin and argue for classifying these neoplasms as carcinomas and not as "proximal-type epithelioid sarcoma" or "atypical teratoid/rhabdoid tumors." That being said, a single case was completely negative for all cytokeratins. Although the absence of cytokeratin expression is unexpected and counterintuitive for a carcinoma, this case conformed in every other way to the histologic, immunophenotypic, and molecular findings of the other SMARCB1-deficient sinonasal carcinomas. As a result, in the setting of a sinonasal tumor that morphologically resembles SMARCB1-deficient sinonasal carcinoma, SMARCB1 immunohistochemistry should be considered even in the absence of cytokeratin expression. Although a SMARCB1-deficient neoplasm from another site could theoretically metastasize to the sinonasal area, the rarity of these entities in other organs in general and the consistent predominantly basaloid pattern of SMARCB1-deficient sinonasal carcinomas allow for this distinction. Finally, immunohistochemical investigation of additional SWI/SNF complex proteins revealed occasional loss of SMARCA2, another catalytic subunit of the SWI/SNF complex in 4 cases, but co-loss of SMARCA4 was never observed. These findings are consistent with recent studies highlighting concurrent coinactivation of Z2 members of the SWI/SNF complex as a consequence of genetic mutation affecting SMARCB1 (epithelioid sarcoma and rhabdoid gastrointestinal carcinomas with variable loss of other SWI/SNF subunits other than SMARCA4) 21, 30, 31 or involving SMARCA4 mutations (small cell carcinoma of the ovary, hypercalcemic type with dual loss of SMARCA4 and SMARCA2). 32 The mechanisms responsible for the observed loss of additional SWI/SNF components (such as SMARCA2) are currently unknown.
The current series combined with additional published cases (Table 3 ) underlines the aggressive behavior of SMARCB1-deficient sinonasal carcinoma with almost two thirds of patients with detailed information either succumbing to their disease, usually within 2 years after diagnosis, or alive with disease under palliative therapy. However, the biology of the disease seems to be somewhat heterogenous as several cases with similarly advanced disease stage at initial diagnosis survived for several years following aggressive multimodal therapy. With restriction, there is some evidence that cases without metastatic disease at the time of diagnosis who received aggressive postsurgical radiochemotherapy tend to have a better outcome. In line with this notion, a recent study pointed to dramatic response of SMARCA4-deficient non-small cell lung carcinoma to platinum-based chemotherapy. 33 These observations (also made in a few cases in our series) suggest the possibility of enhanced chemosensitivity of some of SWI/SNF-deficient epithelial neoplasms and merit future verification.
